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We have identified the protein product of the Autographa californica nuclear polyhedrosis virus (AcMNPV) p143 gene by
constructing a recombinant baculovirus overexpressing the gene product P143. The overexpressed protein exhibited a
relative mobility of approximately 140 kDa and was stable for at least 12 hr after synthesis. Immunoblotting using a
monoclonal antibody developed against the overexpressed protein identified a similar polypeptide in AcMNPV-infected cells
which was detectable by 4 hr postinfection. P143 was present within infected cell nuclei at relatively constant amounts
until at least 72 hr after infection, suggesting that P143 may perform other functions at late times after infection. P143,
purified from infected cell nuclei by chromatography over hydroxylapatite and DNA cellulose, bound in a sequence-indepen-
dent fashion to double-stranded but not to single-stranded DNA to form a ladder of retarded protein–DNA complexes.
Together, these data are consistent with the essential role of P143 for viral DNA replication and suggest that P143 may
function by direct binding to DNA. q 1997 Academic Press
INTRODUCTION transactivator whose function in DNA replication may be
an indirect function of its role in stimulating early gene
The family Baculoviridae represents a unique group of expression. The initiation of viral DNA replication is only
large rod-shaped enveloped viruses carrying a double- delayed, not arrested, in the presence of tsB821 which
stranded circular DNA genome and replicating only in carries a mutation in the ie-1 gene (Miller et al., 1983).
invertebrates. Many advances in understanding the mo- The second gene (p143) is absolutely essential for viral
lecular biology of baculoviruses have resulted from stud- DNA replication since no replication occurs in cells in-
ies of the type species Autographa californica nuclear fected at the nonpermissive temperature with ts8, a mu-
polyhedrosis virus (AcMNPV). The expression of the 134- tant with a single amino acid change in the p143 gene
kb AcMNPV genome is temporally regulated through (Gordon and Carstens, 1984; Lu and Carstens, 1991).
early and late phases which are commonly differentiated These results have been supported recently using tran-
by the time of initiation of viral DNA replication at about sient replication assays where viral genes including
6–8 hr postinfection (Tjia et al., 1979). Following adsorp- p143, ie-1, ie-2, pe38, lef-1, lef-2, lef-3, p35, and dnapol
tion and penetration, the viral genome is quickly estab- were shown to be essential or stimulatory for replication
lished in the nucleus where a large portion of it is tran- of a reporter plasmid when transfected into insect cells
scribed (Erlandson et al., 1985). Several of the early viral (Kool et al., 1994a,b; Lu and Miller, 1995).
gene products are transactivators which recognize and The predicted amino acid sequence encoded by p143
stimulate virus promoters required for establishing suffi-
contains a number of domains which support the hypoth-
cient quantities of proteins essential for viral DNA repli-
esis that P143 functions during viral DNA replication.
cation. Genetic studies of conditional lethal mutants have
These include seven motifs in the C-terminal region
identified two genes which are involved in regulating
which are conserved within a superfamily of viral, bacte-
viral DNA replication in vivo (Gordon and Carstens, 1984;
rial, and eukaryotic proteins involved in DNA duplex un-
Miller et al., 1983; Lu and Carstens, 1991; Ribeiro et
winding (Lu and Carstens, 1991). P143 also contains a
al., 1994). One of these genes (ie-1) is a major early
consensus purine triphosphate binding sequence, a
modified leucine zipper motif near the amino terminus,
a putative nuclear localization signal, and a helix-turn-1 Current address: Division of Clinical Chemistry, Department of Pedi-
atrics, University of Zurich, Steinwiesstr. 75, CH-8032 Zurich, Switzer- helix structure which is characteristic of DNA-binding
land. regions (Lu and Carstens, 1991). All of these features
2 Current address: DuPont Stine-Haskell Research Center, P.O. Box
are consistent with a nuclear protein which interacts spe-30, Elkton Road, Newark, DE 19714-0030.
cifically with DNA in an NTP-dependent process during3 To whom correspondence and reprint requests should be ad-
dressed. replication. In addition to its postulated role in DNA repli-
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cation, p143 has also been implicated in regulating late Radiolabeling of infected cells
viral gene transcription (Lu and Carstens, 1992; Passa-
Monolayer cultures of 1.0 1 106 cells were infectedrelli and Miller, 1993) as well as playing a significant
(m.o.i. of 10) in 12-well tissue culture plates and grownrole in determining virus host range (Maeda et al., 1993;
at 287 in Grace’s medium with 1/10 the normal amountCroizier et al., 1994). Therefore, P143 appears to be a
of methionine and 5% fetal calf serum (Gibco BRL). Atvery important multifunctional viral gene product.
various times postinfection, the medium was removedWe now report the preparation of a recombinant bacu-
and 0.3 ml of methionine-free Grace’s medium containinglovirus, Acp143, overexpressing the p143 gene product.
50 mCi/ml [35S]methionine was added and incubated anThe overexpressed protein was used as antigen to pre-
additional 2 hr at 287. At the end of the labeling period,pare a monoclonal antibody directed against the p143
the cells were washed once with PBS, resuspended ingene product, P143. Using this antibody, we demonstrate
75 ml of electrophoresis sample buffer, and heated atthat P143 is produced at early times, is directed to the
1007 for 5 min. Labeled proteins were electrophoresednucleus in infected cells, and remains relatively stable
on 10% SDS–polyacrylamide gels (Laemmli, 1970) anduntil very late times after infection. In addition, we demon-
detected by autoradiography of fixed and dried gels (Car-strate that P143 is a DNA-binding protein.
stens et al., 1979). In pulse–chase experiments where
the stability of P143 was to be determined, a similar
MATERIAL AND METHODS protocol was performed, except at the end of the labeling
period, cells were washed twice with methionine-freeCells and virus
medium and further incubated in medium to which a 100-
Spodoptera frugiperda (Sf21) cells and AcMNPV strain fold excess of unlabeled methionine was added. Cells
HR3 were propagated and maintained as previously de- were harvested as described above at various times
scribed (Lu and Carstens, 1991). postchase and processed for polyacrylamide gel electro-
phoresis. In all experiments, 0 corresponds to the time
Construction of a recombinant baculovirus that the virus inoculum was added to the cell monolayers,
expressing P143 preceding the adsorption period.
A deletion clone of the AcMNPV EcoRI D region Production of P143-specific monoclonal antibodies
containing a region from 056 to /462 bp relative to the
ATG of the p143 gene was originally cloned into the Sf21 cells were infected with Acp143 recombinant vi-
rus (m.o.i. of 10). At 48 hr postinfection, the cells wereM13 vector mp18 using EcoRI and HindIII linkers
(p143DEH2.75) (Lu and Carstens, 1991). Replicative form harvested by resuspending in medium, transferring to
Eppendorf tubes, and centrifuging at 2900 g for 1 min.DNA of M13p143DEH2.75 was prepared and digested
with EcoRI and PstI and the 295-bp fragment (056 to The cell pellet was resuspended in ice-cold solution of
leupeptin (0.5 mg/ml) and pepstatin A (0.5 mg/ml), soni-/238 bp of p143) was ligated to a PstI–EcoRI 3.75-kb
fragment of the AcMNPV EcoRI D region containing the cated on ice for 10 sec, then brought to 20 mM HEPES,
pH 7.6, 25% glycerol. An equal volume of 21 electropho-remainder of p143 (/239 to /3663 bp) and cloned into
the EcoRI site of pGEM3 (Promega Biochem) to create resis sample buffer was added, and the extract was
heated at 1007 for 5 min and electrophoresed throughpGEMp143ORF. The PstI junction region was sequenced
to confirm that the P143 ORF had been regenerated. an 8% SDS–polyacrylamide gel. The region of the gel
containing the overexpressed polypeptide was excisedThe plasmid pGEMp143ORF was digested with EcoRI
and the released 4.0-kb fragment containing the entire and macerated, then the polypeptide was electroeluted
from the gel pieces in 25 mM Tris–HCl, pH 8.3, 0.192 MP143 ORF and 56 bp of upstream sequence was cloned
into the EcoRI site of the baculovirus transfer vector glycine, 0.1% SDS as previously described (Erlandson et
al., 1984). BALB/C mice were immunized and boostedpVL1393 (InVitrogen Corp.) placing p143 under the tran-
scriptional control of the polyhedrin promoter. The re- (three times) with 350 ml of the eluted P143 and 90 mg/
ml Quil A adjuvant injected via intraperitoneal, subcuta-sulting construct was designated pVLp143. Recombinant
baculoviruses overexpressing P143 were generated by neous, and toe-pad routes at 1-week intervals. Once
maximal titers of P143 antisera were reached as deter-cotransfecting 1 mg each of pVLp143 and AcMNPV HR3
DNA into Sf21 cells as previously described (Carstens mined by immunoblotting, the spleens were removed and
used to prepare hybridomas as previously describedet al., 1993). Supernatants were plaque assayed, and
polyhedra-minus plaques were selected and plaque puri- (Carstens et al., 1993). Hybridoma cell culture superna-
tants were screened by immunoblotting using a chemilu-fied three times. A selected recombinant virus desig-
nated Acp143 was confirmed by restriction digestion and minescence detection system (Amersham Life Science,
Inc.) with Acp143-infected cell nuclear extracts as anti-by PCR amplification and sequence analysis of the N-
terminal junction region. Passage level 3 virus stocks gen. Hybridoma cells within positive wells were individu-
ally cloned and rescreened by immunoblotting.were prepared and used in all experiments.
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P143 purification 40–60 ml) contained 1 ng of radioactively labeled DNA
fragment in 10 mM Tris–HCl, pH 8.0, 1 mM DTT, 10%
Infected Sf21 cells (3 1 107) (m.o.i. 10) were harvested glycerol and protein extract in a final concentration of
at various times after infection. All subsequent steps 150 mM NaCl. Following an incubation on ice for 20 min,
were carried out on ice and centrifugations were done the samples were rapidly loaded onto a 4% nondenatur-
at 47. The cells were washed twice in cold phosphate- ing polyacrylamide gel and separated using running
buffered saline and then resuspended in 2.5 ml of lysis buffer containing 50 mM Tris–borate, pH 7.8, 1 mM EDTA
buffer (10 mM MES, pH 6.2, 10 mM NaCl, 1.5 mM MgCl2 , at 120 V for 2 hr. The gel was dried and prepared for
10% glycerol, 1 mM EDTA, 5 mM DTT, 1% NP-40), briefly autoradiography.
vortexed, and centrifuged at 1700 g for 5 min. The super-
natant (cytoplasmic fraction) was removed and 10 ml of RESULTS
wash buffer (lysis buffer without NP-40) was added to
Overexpression of the p143 gene productthe pellet in order to remove detergent and residual cyto-
plasmic contents. After brief vortexing and centrifugation By cotransfecting the transfer vector pVLp143 carrying
at 1700 g for 5 min, the supernatant was removed and the p143 open reading frame inserted behind the polyhe-
the nuclear pellet was resuspended in extraction buffer drin promoter and AcMNPV DNA into Sf21 cells, a rela-
(25 mM Tris–HCl, pH 8.0, 1 mM EDTA, 0.5 M NaCl, 10 tively small number of polyhedra-minus recombinant vi-
mM b-mercaptoethanol, 0.5% Triton X-100). After brief ruses were produced and isolated. One of these isolates
vortexing, the extract was centrifuged in a TLA 45 rotor (Acp143) was purified and confirmed to contain the cor-
in a Beckman Optima TL centrifuge at 40K rpm at 47 for rect insert downstream of the polyhedrin promoter by
20 min and the supernatant, diluted to 25 mM Tris–HCl, restriction enzyme analysis and by sequence analysis of
pH 8.0, 10 mM b-mercaptoethanol, 0.5% Triton X-100, a PCR amplification of the polyhedrin promoter/p143 N-
100 mM NaCl, was saved as the soluble nuclear extract. terminal junction region (data not shown). A time course
One milliliter of nuclear extract was added to hydroxylap- of [35S]methionine-labeled intracellular proteins revealed
atite (Bio-Rad) equilibrated with wash buffer (25 mM normal polyhedrin synthesis in AcMNPV-infected Sf21
Tris–HCl, pH 8.0, 10 mM b-mercaptoethanol, 0.5% Triton cells and a novel polypeptide of about 140 kDa with a
X-100, 100 mM NaCl) and was gently mixed for 20 min temporal expression pattern similar to that of polyhedrin
at 47. The hydroxylapatite was washed once with wash in recombinant Acp143-infected cells (Fig. 1A). Both
buffer and then eluted stepwise with two 1-ml aliquots polyhedrin and P143 were maximally expressed at ap-
each of 125, 200, and 300 mM potassium phosphate proximately 36 hr postinfection. However, because the
buffer (pH 8.0, 10% glycerol). The fractions containing level of P143 expression was significantly less than that
P143 were diluted with Buffer A (25 mM Tris–HCl, pH 8.0, of polyhedrin, pulse–chase experiments were performed
2 mM EDTA, 10 mM b-mercaptoethanol, 10% glycerol) to to determine whether P143 had a very short half-life.
a final concentration of 40 mM potassium phosphate, 2% The abundance of [35S]methionine-labeled P143 did not
glycerol. This material was added to a column of single- significantly decrease during the 12-hr chase period and
stranded (ss) DNA cellulose (Sigma) and eluted stepwise mirrored that of polyhedrin (Fig. 1B), suggesting that once
with one or two 1-ml aliquots each of 120, 250, 400, 600, synthesized, P143 was as stable as polyhedrin within
and 800 mM NaCl in Buffer A. The fractions including infected cells.
P143 were pooled, diluted 1 to 5 with Buffer A, and incu- These experiments suggested that we had success-
bated for 20 min at 47 with double-stranded (ds) DNA fully overexpressed a protein of approximately 143 kDa
cellulose (Sigma). The elution of proteins from the dsDNA but did not prove that this product was actually related
cellulose column was carried out in a manner identical to P143. We therefore isolated the overexpressed poly-
to the ssDNA cellulose chromatography. The fractions peptide from SDS–polyacrylamide gels and, using this
were monitored by immunoblotting to identify the location material as antigen, produced and isolated a mouse
of P143. Silver-stained SDS–PAGE was used to verify monoclonal antibody directed against the recombinant
the purity of P143 preparations. protein. This antibody (AcRC-2) was then used to probe
Protein quantitation was performed using a Bradford immunoblots of AcMNPV infected cells harvested at vari-
assay kit (Bio-Rad) and by comparisons with known con- ous times postinfection (Fig. 2). A single polypeptide,
centrations of marker proteins on Coomassie-stained migrating with the same relative mobility as the overex-
SDS–polyacrylamide gels. pressed protein (data not shown), was detected as early
as 4 hr after adding virus to the cells. The maximal levelBand shift assays
of P143 was seen at approximately 10–11 hr postinfec-
tion and this amount of polypeptide then remained rela-Purified DNA fragments to be used in band shift
assays were end-labeled with [a-32P]dCTP in the pres- tively constant until at least 72 hr postinfection. These
data indicate that the overexpressed protein in Acp143-ence of Klenow fragment of Escherichia coli DNA poly-
merase. The binding reaction mixture (final volume of infected cells does represent authentic P143 produced
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FIG. 1. Protein synthesis in Acp143- and AcMNPV-infected Sf21 cells. (A) Sf21 cells infected with either Acp143 or AcMNPV were pulse-labeled
with [35S]methionine for 2 hr at the times indicated to determine the time course of recombinant P143 expression. Polypeptides in whole-cell extracts
were separated by SDS–polyacrylamide gel electrophoresis and detected by autoradiography. (B) The stability of labeled polypeptides in pulse–
chase experiments was determined. Acp143- and AcMNPV-infected Sf21 cells were pulse-labeled for 2 hr with [35S]methionine at 36 hr postinfection,
then chased with cold methionine for the indicated times. Whole-cell extracts were prepared and analyzed by SDS–polyacrylamide gel electrophore-
sis. Arrows indicate the positions of P143 and polyhedrin (ph) from Acp143- and AcMNPV-infected cells, respectively. Molecular weight markers in
kilodaltons are shown to the left of the autoradiograms.
by AcMNPV. In addition, the data support our previous infected cells was also observed in nuclear fractions by
conclusions that P143 expression occurs prior to the time Coomassie blue staining (data not shown). These data
of initiation of viral DNA synthesis (Lu and Carstens, indicated that the overexpressed product mimicked the
1992). intracellular trafficking behavior of authentic AcMNPV
P143, localizing to the nucleus.
Intracellular localization and purification of P143 We took advantage of this in developing a protocol to
purify P143 from infected cell nuclei. The majority of P143The essential role of P143 during viral DNA replication
present in soluble nuclear extracts from AcMNPV-in-suggests that it would be transported to the nucleus
fected cells eluted from hydroxylapatite with 200 mMafter synthesis. Consistent with this hypothesis was the
potassium phosphate. The pooled fractions containingidentification of a potential nuclear localization signal in
the majority of P143 were loaded onto either ss- ora very hydrophilic region of the protein (Lu and Carstens,
dsDNA cellulose and eluted with a NaCl gradient. The1991). In order to determine the intracellular location of
majority of P143 was released from the double strandedP143, cytosolic and nuclear fractions were prepared and
matrix with 250 mM NaCl (Fig. 4A) and was virtuallyanalyzed by SDS–PAGE. The majority of AcMNPV P143
totally released with 400 mM salt. The elution fromwas observed in infected cell nuclei by immunoblotting
ssDNA matrix occurred over a much broader salt concen-(Fig. 3), demonstrating that P143 localized to this organ-
tration from 250 to 800 mM NaCl. There were also twoelle. We have also shown by immunofluoresence studies
polypeptides that were apparent when the same gelsthat P143 accumulates in the nucleus of AcMNPV-in-
were silver stained (Fig. 4B). A polypeptide of approxi-fected cells (data not shown). In addition, a polypeptide
corresponding to the overexpressed product in Acp143- mately 48 kDa was released from both ss- and dsDNA
FIG. 2. Immunoblotting of AcMNPV-infected cells at various times after infection. At Time 0, Sf21 cells were infected with AcMNPV. At the indicated
times after infection, the cells were harvested, and nuclear extracts were prepared and subjected to SDS–polyacrylamide gel electrophoresis.
Immunoblots of these gels were reacted with monoclonal antibody (AcRC-2) directed against P143 and the reactive bands were detected by
chemiluminescence. The positions of molecular weight standards in kilodaltons are shown in the middle.
AID VY 8361 / 6a28$$$121 01-04-97 00:16:40 vira AP: Virology
102 LAUFS ET AL.
recognize and specifically bind to the 237-bp EcoRV–
MluI fragment of hr5. Recombinant P143 bound to this
fragment and generated a ladder of bands of decreasing
mobility with increasing protein concentration (Fig. 6). At
least eight discrete complexes were resolved although
the largest DNA–protein complexes were only detected
at very high protein concentrations. At these P143 con-
centrations, unbound DNA or the first two retarded bands
were no longer detectable. To confirm that the binding
pattern observed with recombinant P143 was due to
binding of P143, we repeated these band shift assays
using P143 purified from AcMNPV-infected cells. At least
four different DNA–protein complexes were detected
(Fig. 7) and these complexes formed with authentic P143
migrated with the same relative mobility as those formed
with recombinant P143. Because the amount of purified
AcMNPV P143 available was much less than the recom-
FIG. 3. Intracellular localization of P143 by immunoblotting. AcMNPV-
infected Sf21 cells were harvested at 18 hr postinfection and fraction-
ated as described under Materials and Methods. Samples of whole
uninfected cells (lane 1) and infected cells (lane 2) as well as equal
relative amounts of cytosolic (lane 3) and nuclear (lane 4) fractions
were resolved by SDS–polyacrylamide gel electrophoresis and immu-
noblotted using monoclonal antibody directed against P143. The posi-
tions of molecular weight standards in kilodaltons are shown on the
left while the position of P143 is shown on the right.
over a range of 125 to 400 mM NaCl. Interestingly, a
polypeptide of about 46 kDa eluted from dsDNA with 250
and the first 400 mM fraction but was eluted gradually
from ssDNA over the second 250 mM elution to 800 mM
NaCl. These elution patterns seemed to mimic somewhat
the elution of P143, suggesting these polypeptides may
be part of a heterogeneous complex. We took advantage
of differential P143 binding properties in subsequent pu-
rifications by first binding hydroxylapatite fractions con-
taining P143 to ssDNA columns, pooling the eluted P143
containing fractions, binding this material to dsDNA cel-
lulose, and eluting highly purified P143 in one 250 mM
NaCl fraction (Fig. 5) to yield relatively pure P143. In
addition to establishing a method for purifying P143,
these data also suggested that P143 was capable of
binding to DNA.
P143 is a DNA-binding protein
The ability of P143 to interact and apparently bind to
FIG. 4. DNA cellulose chromatography of AcMNPV-infected cell nu-matrices containing DNA prompted us to study P143
clear proteins. Pooled fractions of nuclear proteins eluting from
binding to DNA by electrophoretic mobility band shift hydroxylapatite with 200 mM potassium phosphate were bound to ei-
assays. Because it was easier to obtain large quantities ther ss- or dsDNA cellulose. The bound proteins were then eluted with
two 1-ml aliquots each of buffer containing 125, 250, and 400 mM andof recombinant P143 from Acp143-infected cells, we first
one 1-ml aliquot each of 600 and 800 mM NaCl as indicated. Samplesused purified recombinant P143 as a protein source. The
of each fraction were analyzed by SDS–PAGE and polypeptides wereAcMNPV homologous regions (hr’s) have been postu-
detected with Coomassie blue (A) or silver (B) staining. The positions
lated to serve as viral origins of replication. In addition, of the two major Coomassie-stained polypeptides are labeled on the
they have also been shown to function as transcriptional left (p143 and p46) while the positions of molecular weight standards
are shown on the right (M).enhancers. We therefore tested the ability of P143 to
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FIG. 5. Purification of P143. The nuclear extracts of AcMNPV-infected
cells were subjected to chromatography on hydroxylapatite (HAP), sin-
gle-stranded DNA cellulose (ss), and doubled-stranded DNA cellulose
(ds). Aliquots of pooled fractions containing P143 from each of these
FIG. 7. Binding of purified AcMNPV P143 to hr5 DNA. The same
purification steps were separated by SDS–PAGE and the gel was silver
probe used in Fig. 6 was incubated with increasing amounts of P143
stained. The positions of molecular weight standards are shown on
purified from AcMNPV-infected cells and analyzed as described in Fig.
the right and the position of P143 is shown on the left.
6. The location of unbound double-stranded probe DNA is indicated
with an arrow.
binant P143, it was not possible to use the same relative
concentrations which would bind to all of the probe. How- Since a single specific DNA–protein complex was not
ever, because the amount of P143 derived from recombi- observed, we tested the ability of P143 to bind smaller
nant-virus-infected cells was much greater relative to the fragments of DNA. We took advantage of convenient re-
amount of P143 purified from AcMNPV-infected cells, it striction sites within the 237-bp fragment region and pre-
follows that the corresponding amount of contaminating pared end-labeled probes of 88 (digestion with EcoRI) or
proteins in the purified recombinant P143 preparations 48-bp (digestion with RsaI). The 88-bp fragment con-
was substantially lower for any given amount of P143. tained half of a single palindrome while the 48-bp frag-
Therefore, the data strongly indicate that P143, not some ment did not contain any of the hr palindromic sequence.
other contaminating protein, was responsible for the ob- P143 bound to both of these fragments, generating a
served DNA–protein complexes. The abundance of P143 ladder of at least eight different DNA–protein complexes
in the retarded DNA–protein complexes has been con- with the 88-bp fragment and at least three complexes
firmed by immunoblotting (data not shown). with the 48-bp fragment (Fig. 8). Because the appearance
of additional retarded bands correlated with an increase
in protein concentration and a progressive reduction of
unbound probe, these complexes likely correspond to
FIG. 6. Binding of purified recombinant P143 to hr5 DNA. Increasing
amounts of recombinant P143 purified from Acp143-infected cells were FIG. 8. Binding of purified AcMNPV P143 to subfragments of hr5.
Two different concentrations of purified AcMNPV P143 were incubatedadded to an end-labeled EcoRV–MluI 237-bp fragment derived from
the left end of hr5 (nt 117499–117737, Ayres et al., 1994). The reaction with an 88- (EcoRI–MluI) or a 48- (RsaI–MluI) bp subfragment of the
237-bp hr5 probe. The reaction mixtures were analyzed as describedmixtures were analyzed by nondenaturing 4% PAGE, and the gels were
dried and prepared for autoradiography. The location of doubled- for Fig. 6. The location of unbound double-stranded probe DNA is
indicated with an arrow.stranded unbound probe DNA is indicated with an arrow.
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the binding of additional P143 molecules to the DNA
probe.
During preliminary mobility shift assays, we noticed
that a variety of different polynucleotides competed with
the binding of P143 to the probe (data not shown), sug-
gesting that P143 could also bind to heterologous com-
petitors. To determine if the binding activity of P143 was
sequence specific, similar mobility band shift assays
were performed using a 120-bp fragment of simian virus
40 (SV40) DNA and purified AcMNPV P143. A ladder of
at least four complexes was observed, mimicking the
pattern seen with the AcMNPV DNA probe (Fig. 9). Thus,
the binding of P143 to DNA appears to be sequence
nonspecific. In order to determine whether P143 also
binds to single-stranded DNA, the 237-bp probe was first
fully denatured by heating at 957 prior to incubation with
FIG. 10. Binding of purified P143 to ssDNA and dsDNA hr5 DNA.P143. In this case, no DNA–protein complexes were ob-
Increasing amounts of purified P143 were incubated with the end-
served (Fig. 10). Together, these data indicate that P143 labeled MluI–EcoRV 237-bp hr5 fragment which had been denatured
binds in a sequence-nonspecific manner to double- by heating at 1007 (ssDNA). Nondenatured DNA (dsDNA) and dena-
tured DNA (ssDNA) without added protein were included as controls.stranded DNA but does not bind to single-stranded DNA
under our reaction conditions.
previous results which revealed the presence of p143-DISCUSSION
specific mRNA by 3 hr postinfection, maximal abundance
AcMNPV P143 is a protein essential for viral DNA repli- at 6 hr postinfection, and decreased levels by 24 hr post-
cation and late gene expression (Gordon and Carstens, infection (Lu and Carstens, 1992). These temporal data
1984; Lu and Carstens, 1991). In addition, transient ex- support the hypothesis that P143 is directly involved in
pression assays have shown that P143 is essential for the process of viral DNA replication which does not begin
transactivation of late gene transcription (Passarelli and until about 7 hr after infection (Tjia et al., 1979). Interest-
Miller, 1993). In order to begin studying the biochemical ingly, P143 appears to be a very stable protein once
properties of P143, we constructed a recombinant bacu- synthesized. Pulse–chase experiments revealed little
lovirus overexpressing the p143 gene and used the over- degradation over a 12-hr period and immunoblotting ex-
expressed protein to prepare a monoclonal antibody di- periments revealed relatively constant amounts of P143
rected against P143. This antibody detected P143 in in- in infected cells until at least 72 hr after infection. The
fected cells as early as 4 hr after infection, supporting our presence of P143 at late times after infection suggests
that this protein may have additional functions during the
late phase. We have already suggested that P143 may
be involved in regulating late gene expression as well
as the shutoff of host protein synthesis (Gordon and Car-
stens, 1984). P143 could also function during late tran-
scription. Finally, P143 can affect virus host range al-
though the specific role that it might play in this process
has not been identified (Maeda et al., 1993; Croizier et
al., 1994).
As expected for a protein involved in DNA replication,
P143 is translocated to the nucleus. We used purified
nuclei from infected cells as a starting point for devel-
oping a purification protocol involving hydroxylapatite
and both single-stranded and double-stranded DNA cel-
lulose chromatography. P143 eluted gradually from
ssDNA cellulose over a wide range of NaCl concentra-
tions suggesting that binding was not due to a high affin-
FIG. 9. Binding of purified AcMNPV DNA to SV40 DNA. An end- ity for ssDNA. In contrast, elution from dsDNA cellulose
labeled 120-bp probe carrying nucleotides 4459 to 4568 of SV40 (pSVC-
was almost complete with 250 mM NaCl. P143 eluting4) was incubated with increasing amounts of purified AcMNPV P143
from dsDNA cellulose did not bind to ssDNA celluloseand analyzed as described for Fig. 6. The location of unbound double-
stranded probe DNA is indicated with an arrow. (data not shown) nor did it bind to the ssDNA probe in
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band shift assays. This suggests that the initial binding the DNA binding properties of the recombinant protein
which appeared to be identical to authentic AcMNPVof P143 to ssDNA cellulose may result from protein –
protein interactions between P143 and a single-stranded P143. The ability of P143 to form very large DNA–protein
complexes suggests that P143 may also play an im-DNA binding protein. The elution profiles from ssDNA
cellulose chromatography revealed the presence of a portant role in altering the conformation of viral DNA
during the virus infection cycle.polypeptide of about 46 kDa which is close to the pre-
dicted size of LEF-3 (44.6 kDa). LEF-3 has recently been Based on amino acid similarities to other proteins that
exhibit nucleic acid unwinding activity, P143 was pre-identified as an AcMNPV viral protein with single-
stranded DNA binding activity (Hang et al., 1995). Inter- dicted to have helicase activity (Lu and Carstens, 1991).
The nonspecific double-stranded DNA-binding activity ob-estingly, LEF-3 has also been identified as an essential
protein for viral DNA replication in transient replication served with P143 is consistent with its role as a DNA
helicase. However, preliminary experiments have notassays so it is possible that P143 and LEF-3 normally
interact within a baculovirus replication complex during demonstrated helicase activity associated with purified
P143 (Carstens, unpublished data). It is possible that otherviral DNA replication. We have recently been able to
demonstrate by immunoblotting that some LEF-3 copuri- cofactors are necessary in order to provide complete func-
tionality as has been demonstrated for human herpesvirusfies with P143 over both ssDNA and dsDNA cellulose
chromatography (Carstens, unpublished data), sug- helicase UL5 (Zhu and Weller, 1992; Challberg, 1996). This
possibility is currently under investigation.gesting that these two proteins may be part of a replica-
tion complex. Further work will be required to character-
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